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SUMMARY

OnApil 15, 1987, the Nationd Indtitutefor Oooupetiond Sefety and Hedlth (NIOSH) wasrepuested to evelugte
expoaresto wese aneshelic gesesand vgparsin the Outpaient Surgary Center and themain oparating rooms of the
SantaBarbara Cattage Hogoitd, SantaBarbera, Cdlifomia: A subbsaouent request wiasreaived on May 19, 1987 to
evduge eqpoaresto eéhyleneaxidefrom ages d4ilizer ussdinthehosaitdl.

InMay 1987, NIOSH invedigetors condudted en evironmeantd aurvey a thehosaitd. During thissurnvey, parsond
and aeaar ssmpleswereadledted for nitrous axide (N,O), helogeneted anesthetic apants and methy
maheaylde Lesk tesing on anesthetic equipment was condudied, and gengrd vearntilation meesremanisware
teken. Rersord and areaar ssmplesfor éhylene oxide (BO) were adllected during aperation of the ges Seilizer.

Timeweghted average (TWA) concartraions of NLO ranged from lessthen (<) thelimit of detedion (LOD) of 1
pat par million (pom) to 50 pominthe 32 parsonnd and aeasamples cdlleted. Only two samplesexosstid the
NIOSH recommendad exposurelimit (REL) of 25 ppm for NJO asaTWA duing the period of anesthetic
admindraion TWA conoatraionsd faraneranged from < LOD of 001 milligrams (mg)) per sampleto 1L68pgom
inthe 34 parsord and areaar ssmples adlledtad. Eight of thesesamples (Sx of whichwerefram ane gparaing room
inthe Oupetiat Surgary Canter) exosaded the NIOSH REL of 05 pom far hdlogenated anestheticsused in
combirgionwith nitrousaxide No ethraneor hdlathenewere detected abovethelimit of quentitation (LOQ) of 0.03
my'sarde TWA conoantrationsdf 012 and 0.17 pom methyl methearylatewearefound intwo pasond samples
odleted duing theusedf asurgicd camant. Bath ssmpleswearebdow the Oooupetiond Sefety and Heelth
Admingraions(OHA) Famissble Expoaure Limit (PEL) of 100 gpomasan8hour TWA.

An8hour TWA concantration of 0.009 pom EO wasfound inalongHtem parsondl sample, and aconcantration of
04 pomwasfound inashart-term parsond sampleduning deilizer gperation. Thesereatsarebdow the NIOSH
REL'sof <01 pom 8-hour TWA, and 5 ppom 10-minute adling, and the OSHA PEL. of 1 pomasan 8-hour TWA.

Asevidanoad by theresLitsof theenvironmenta survey, conoantrations of weete anesthetic gesesand vgparswere
geadly mantaned withinthe NIOSH recommanded expoarelimitsinthemgianty of the procedures monitored
Theonly congdeant exogaion was OR 1inthe Ouipetient Surgary Canter where concentraions of forane exossoied
theNIOSH REL inbath of the procsduresmonitared. ThisOR dsowesnated to have
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gaoraximetdy hdlf of therecommended numba of arr dangesper hour far itsganard vantilaionsygem. Whileitis
posshlethat theladk of generd ventilation may have played animpartant rdein dloaing the buildup of wede
anesthalic vapars ather fadtors such asleskege from anesthetic cat fittings and componants and work practiossy
may d<o have contributed totheexpoares: Sncetheexad megnitudewhich theseand ather fadtorsmay have
influenced employes expoares can nat beaoouratdy detemined, it isnecessary thet dl aress of exposrecontrd be
reguaty examined toidentify whereimprovamantscan bemede

Although contaminant concantraionsweare maintained b ow theenvironmentd aitaiainthemganty of thesamples
odllected, apatentid for overexpoaLreto nitrous axide and farane exided inafew indances. Recommenddionsare
induded inthefull body of thisrgoart desgned to srengthen the hogaitd'sexiding program for contrdlling employee
expoaLresto wade anesthetic geses and vgporsand ehylene axide
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INTRODUCTION

OnApil 15, 1987, NIOSH recaived areques from the Santa Barbara Cattege Hospitd, SantaBarbarg,
Cdifomia, for ahedth hezard evaugtion. Therequestor was concamed with posshle expoareto weste anesthetic
gesssand vgporsin the hosaitd'smeain operaing rooms and Outpetiat Surgary Canter. A subssquant reguest was
recaived fram thehogaitd on May 19, 1987, to evd uate expoaLresto ehylene axidereauling from theuse of ages
dailiza.

OnMay 19 through 22, NIOSH investigetors condudied an environmanid aurvey & thehosait. Duingthis

urvey, beckground informétion on theneture of the hogaital operationswias dotained, and persond and areadr
sampling was condudted for nitrous axide (NO), heloganated anesthetic agants and methyl methearylde In
addtion, persond and areadr samplesfar ehylene axide (BO) were adllected in the hosaital's Cantrdl Supply
Depatmant during oparation of agesdeiliza. Thereatsaof thesesuveyswere provided to therequestor by letter in
November 1987.

BACKGROUND

SiaBabera Cattage Hosaitd, located in SantaBarberg, Cdifamig, providesavanidly of hedth caresavices
induding inpetient and ouipetient Surgicd savioces The Surgary Departmiant islocated on the hogaitd's ssoond floar,
and conggsof ten oparaing rooms arecovary room, and mistdlansous sorageand Lpdly rooms: Adiacart tothe
mein hogaitd drudureisthe Outpetient Surgary Canter, which hestwo oparaing roomsand arecovery room. This
cante isdesgnad to provide saviceto thoseindividud swhose urgary doesinat recpireovemight days

Theparsomd invdvedinsurgcd proosduresgangrdly indudeasurgeon, ananeshesdogd, asbnurss ada
dradaingnuree Often, additiondl parsonnd mey beinvaved, depending onthecomplexity of theprocedure Each
aneghesdogd hesan aneshdtic cat whichismoved into thercomwharethey will bewarking thet day. Therooms
contan veouum comedionsfar atedmeant to the scavenging sydem of theanesheliccats Ganard veaniilaionisdo
plied through vertsloceted neer the adllings of eech OR.

A gesgilizer, which usssethylene axide islocated in the hogaitd'sCantrd Supdly Depatmat. Thedsilizeris
recessadlinto amechenical anoessroom. Thisroomisenpipped with exhaud vertsand kept under anggive
pressurewith repect to theman gy roomarea. Thegessailizer dsoisequipped withlocd exhaud verttilaion
and hesalarge exhaut hood whichiislocated diredtly oovethegailizer. At thecompleion of thegesdailization
oyde thedailizer door isaradked for fifteen minutes duingwhichtimethe parsond leavetheimmediadeaea
Fdloning thisintavd, thedailized equipmart istrandfared to the aaration chambar. Twoerpoyesswarkedinthe
dailiza aead thetimed theaurvey.

MATERIALSAND METHODS

NIOH invetigetors conducted an evironmeantd survey onMay 19, 1987, inthe Ouipetient Surgary Canter, and on
May 20 and 21, 1987, inthe hogatdsmain oparating rooms: Thesurvey wasdesgned to assessamployee



expoauresto N,O and the hdlogeneted anesthetic egants used during the course of the argicdl prooaolres asswdl as
toidentify patentid sourcesof wede anesthetic ges expoare through lesk detedtion using direct reeding
indrumaniation. Inaddtion totheevaugion of thewedie anesthetic geses parsond and aeasampdeswere cdlleted
for methyl mahearylate, acomponant of an achesvemdaid usad duning boresurgay.

Air ssmples adllected for the assessmant of employee expoaresin the gperating roomsinduded both parsord
(cdleged inthevidnity of theemployessbreathing zone) and area (cdlledted on theanedthelic catt in arder to
edimetetheaneshesdoges expoaure) ar sarpes Samplesfar N;O were collected using battery-powered
portable sampling pumps oparaing & gopraximetdy 200 audic cantimeiarsdf ar par minute (oomin). Theexdhaut
port of eech pump weasatached via Tygontuing toaninat Tedar beg. Samplesweare calledted for theduration of
thesurgicd proosdures with begsbang dhenged asnecessary far thelonger prooadures: Bagsweareimmediddy
andyzed & alocation ousde of the gperating room areausing aninfrared andlyzer (Foxtooro Miran 108 Soadific
Vaoor Ardyze) in accordancewith NIOSH andlytical method 6600 Samplesweare cdllected ineech of the OR's
inwhichtheused N;Owasantidpeted Addtiond infarmetion partinent to ssmpleadlledionisprovided in Tables 1,
3 ad4.

In order to assessampl oyee expoaLresto the hdl ogenated anesthetics egents used duing thesurgicdl prooedlures
persond and aeasamplesweare cdllected & thelocations previoudy destribed. Sampling pumpswareoparated &
gopraximetdy 200 admin, and connedted via Tygon tuking to dheracd tube adledion media Sampleswerelae
andyzed in aooordence with NIOSH andlytical method 100, for ethrane, helathene, and isoflurane usng ages
dvamatogrgoh ecpiipped with aflameionization detector! A liding of infammetion patinert to ssmpleadlledionis
providedin Tables2, 5, and 6.

Samplesfor methyl methearylate dso weare adlledted in the menner previoudy destribed using dherood tubesasthe
adledionmeda  Thesesamplesweare desorbed with cabon disLifide and andlyzed by gesdyometogrgphy usinga
fusd dlicacaallary cdunnand aflameionizaion dedtor. A liding of infommetion patinent tothe adledion of these
sardesisprovided in Tadle?.

Whereposshle lesk detedtion far N;O wasconducted inthe ORs  High pressLre hose connedtionswere checked
a thewdl and anesheticcat. Low pressure comedionswere dhecked by messiramanisteken diredtly & the
vaiousaneshelic cat and scavenging System componantsduning anesheic gesadminidration. Thesemessremats
weaemedeusng aflexile sampling probeatached to the partbleinfrared andly ze.

Inaddition to the cdlledion of evironmentid samples vertilaion messremaniswaretekeninthe OR'sand recovay
roominthe Oupdiet Surgay Cater usng aHow Hood (Shatridge Indrumants). Cdouaionsof thenumber of ar
dhengespa hour (ACH) waremedein order to deaminethe adenuiecy of thegenard vantilation sygeminthe ORs
Duetothelocation of thear spdy vartsintheman ORs acouratereedingsto parmit the cdlaulaion of the number of
ACH for theserooms could not be datained.

In order to essessamployee expoaresto theehylene axide, parsond sampleswere adlledted neer the bresthing
zonesaf thetwo cantrd apply tedhnidansduning the gparationd cyde ot the ges Srilizer and the subssquent lceding
o theagraar. Inaddition, aeasamplesweareadledad inthevianity of theges Seilizer, agratar, and inthe medhenicd
anoessroom, inarder to identify aresswhareleskegefrom the sygem might coour. Samplesweare adlledted using



bettery-powered sampling pumps opaating a 100 comin. The pumpswerecomedted viaTygontubing toa
Sorbant tube containing adtiveted dheraoel coeted with hydrogen bromide: Thesampleswereandlyzed in acoordence
with NIOSH andlyticd method 1614 far ehyleneaxide! A comletelisting of informetion patinet tossnple
adledionisprovided in Teble8,

V.EVALUATION CRITERIA

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
environmantd evdugtion aitaiafor asssssmant of anumber of demicd and physcd egats Theeaitaiaae
intended to suggest levd s of expoaureto which most workers may beexposad up to 10 hoursper day, 40 hoursper
wek, for awarking lifeimewithout expaiendng adverehedth effedts Itis hovever, important to notethet nat @l
warkerswill be pratected fram adverse hedlth efedtsif thar exposresaremantained bdow theelevds A ardl
peroantape mey expaience adverse hedth effetsbecause of individuel Susoeptihility, apreexising medicd condition,
andlor ahypasanstivity (dlegy).

In addtion, some hezardous sUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, or with medications or persond hehits of theworker to produce hedlth effeds evenif the cooupetionel
eqpoaresaeconrdled & thelevd s by theevdugion aitaion. Thesecombined fedtsareoften not condderad in
theevduationaiteia Also, somesubdancesare absorbed by direct contact with the skin and mucous mambranes
and, thus patentidly inoeesetheovardl eqpoare Frdly, evdugtion aiteiamay drangeove theyearsasnew
infoametion onthetoxic effedtsof an agat becomesavaladle

Thepimary sourcesdf evironmanid evdution aitaiafor thewarkplaceare 1) NIOSH GritaiaDocumantsand
recommeancitions 2) the Amaican Conferanced Govanmantd Indugrid Hygenss (ACGIH) Thresdd Limit
Vdues(TLV'9, and 3) the U.S Departmant of Labor/Ocoupetiond Sefety and Hedth Administration (OSHA)
oooupetiond hedth dandards[Famissble Exposure Limits (FEL'9). Often, the NIOSH recommendationsand
ACGIH TLV'saelower then the coresponding OSHA dandards: Both NIOSH recommendationsand ACGIH
TLV'suadly arebesad on morereoat informetion then arethe OSHA dandards The OSHA dandardsdso may
berequired to tekeinto aooount thefeashility of contrdling exposuresin vaiousindLgrieswherethe aganisare usdt
the NIOSH-+ecommended expoaurelimits (REL'S), by contredt, arebesed primatily on concamsrdaing tothe
prevention of cooupationd dissese Inevdudting theexposurelevdsand the recommendationsfor reduiding these
levesfoundinthisrepart, it should be noted thet indudry isrequired by the Oooupetiondl Sfety and Hedth Adt of
1970 (20 USC 651, & 531 to meet thoselevd sgpaaified by an OSHA dandard.

A imewdghted average (TWA) exposurerdasto theavarage arbome conoantration of asubdanceduing a
nomd 8- to 10-hour workday. Some Subdtances have recommended shart-tam exposurelimits (STEL' o
aaling vdueswhich areintended to supplemant the TWA wherethare are recognized toxic effedsfrom high,
shot-temexposres

A brief dsousson of thetaxiaty and evdution aitaiafor the subdances evaueted during thisaurnvey isprovided as
fdlons



A. Aneshetic Gasss

Repartshy Vagmen and Askog and Havald wareamong thefird to identify anincressed inadence of
gpontanecus abortion inwomen exposad to anesthetic geses and inwives of men exposad to anesthetic geses?* In
1974, the Amarican Soadly of Aneshesdogigs(ASA) pubidhed theresLitsof agudy indiceting “thet femele
mambearsaf the gperating room-exposed group were Lbjedt to incressad risks of gpontaneous abartion, congenitel
donomditiesin thar children, canoer, and hepeticand rend diseese™ Thisreport dso howed anincressad ik of
congenitd abnonritiesin offgaring of male gparating room parsond. Noinaressein canoer wesfound among the
expossd maes but aninaressad inddence of hepetic dissesedmilar tothet intheferdewssfound?

Inasudy pubdished by NIOSH in 1976, "N ,O and helatherein regpective concenraions aslow as 50 partsper
million (ppm) and 1.0 pom caused messrable decremantsin pafomance on psychd ogicdl tedsteken by hedlthy
mdegadlatesudants® Nitrousaxidedonecaussd Smilar efeds Thefundions gpparently mog sasitiveto these
low conoatrations of enestheticswerevisld perogation, immediate mamary, and acombingtion of perogation,
cognition, and motor reoonsssrequired inatask of divided attention to Smultaneousvisd and aditory simui.”
Heedeche, fatigue, initahility, and digurbence of degpweredso reported ®”

Martdity and ather gaidemidogic sudieshaveraisad the question of possihle caranogeniaty of anesthetic geses ut
affident daaepresatly ladding tolig NLO or hdathene as uspected caranogens

Inasudy of dentigs Cohen, e dl., compared exposad parsonswho usad inhdaion anethetic more then threehours
per wissk with a.contrd group who usad noinhdlaion anesthetic. Theexposed group reparted arde of liver diseese
of 59 paoat, incompaisonwith arded 2.3 paroat inthe contrd group. Spontanecus abartionswerergparted in
16 percant of pragnendesof thewivies of exposad dentids incomparisonwith nineparoant of theunexposadl. This
dffeencewesdaidicaly Sgnificant; howeve, it should be nated thet therate of pontaneousabartionsfor dl
pregnendesrangesfrom 1010 20 paroant® Thissudy did nat identify the gpedific anesthetic being used by thedartiss
rveyed, thet is whether they used N,O donear in combingion with ahelogeneted egant® However, inareview of
thet dudy, NIOSH conduded thet " the hel oganeted anesthetics dlane do nat edlain the positivefindings of thesurvey
and N,O eqpoarenug beanimpoartant cortributing fadtar, if not the prindipel factor.*® Thiscondusonisbessdona
cdadaionwhichasumed thet ssmeany asareintend thedentigsusng aninhelation anetheticampoyed a
hdlogereted egat. If theadud fradtioniislessthen oneinten, the condusion hes added srangth.

Inadocument recommending astandard for oocoupetiond exposureto wede anesthetic ges NIOSH
recommeanded amaximum exposreof 50 pm NLO onatimeweghted average besisduring theaneshetic
admindrationin dantd offices® Thisrecommenditionishbessd primarily on avallebletechnology in redding wede
aneghdic geslevdsin theeeviromans

When N,Oisusad asthe sdleanesthetic agant in mediicd procedures NIOSH recommendstiat cooupationdl
expoaure becontrdled o thet noworker isexposed a TWA concantrations grester then 25 ppm during the period
of adminidration. NIOSH recommendsthat cooupationd exposureto hdlogeneted anesthelic eagentsbe contralled <o
thet noworker isexposed a conoatraionsgregter then 2 pom of any helogenated anesthetic apant duning the pariad



VI.

of anesheticadminidration. When used in combaingtionwith NLO, helogenated anesthtic agentsshould be contrdlled
t0 05 pom, which, genardly, canbearived a by contralling NLO toa TWA concentraion of 25 ppmduring the
paiod of anethetic adminidration® Thereispresantly no OSHA gandard for nitrous axideor the helogereted
anesthdicegants However, inits"Naticeof Intended Changes' far 1986-87, ACGIH hespropossd TLV'sof 75
pomfar ethrang, and 50 ppm for hdathene™

B. BhylaeOxide(E0)

Theaouetaxic dfedsdf BOin humansand animelsindude aoute skin, regaratary, and eyeinitation; kin
sstizaion; neuseg vomiiting, and diarheg; and nevoussydemeffeds Nommdignent dronic dfedtsin humens
indudeanamiaand resairatary intation, with Susoeatikiility to ssoondary reairatory infedion. Further, oooupetiondl
expoaureto B0 may inoessethe frequancy of mutationsin humen populaionsasnated ina 1977 NIOSH Qriteria
Doocumat2 Morerecantly, cases of periphera neurapethy among exposed workershave been reported

A reoat sudy demondratestihet BBO induces canoar in exparimentd animds™ A doserdated inoreesein
mononudear odl leukemiawes established in thet Sudy; expoares aslow as 10 ppm inareesed the propartion of
ferderaswiththelakemia Al eqaimatsindcaetrat BO exposureto ather mdear ferdeanmesrealtsin
avaredfedson rgprodudion 5%

Inhumens gaidamidagicinvestigaionsof canoar martality among Svedishwarkersexposed to B0 suggest an
increesad rik of leukemiaand other canoars*® Reoart infamation dso suggeststhet Ei0isassodiated with
dvomosomd aonomdlitiesin paipherd lymphooytes of exposed workers®

Based onthisinformation, NIOSH recommended ina 1981 Currant Intdlligence Bulletin thet EO beregarded inthe
workplaceasapotentia cooupetiondl cardinogen, and thet exposure bereducad to theextant possble® AnS-hour
TWA bdow 01 patsper million (pom), and acalinglimit nat to exossd 5 pomduring any 10 minuepaiadina
working day isrecommenced? Theaurent OSHA gandard for EiOis 1 ppmasan 8-hour TWA, with anadtion
levd of 05 pomwhich triggarsemployeeexposre monitaring and medicdl sunvelllanceprovisons® Duetoitshigh
canoer patency inexpaimentd animds the ACGIH recommendsaTLV of LOpomasan8hour TWA R

C. Myl Metheaylae

Shot-tem overeqpoaresto methyl mathearylae may causeinitaion of thenose, throet, kin, andeyes Atvay high
levdsit can causedrowsiness and posshleunconsiousness: LongHam expoaureto the subgtance may causeaskin
resh? Theourent OSHA dandard and ACGIH TLV for for methyl methearylate are 100 pom asan 8-hour

TWA .12 Thevaoor of methyl methearylate can be detected by thenose &t levelsfar bdlow the tandard, with the
odor threshold reported to be gopraximetdy 021 pom. 2

RESULTS

A. Oupdtient Surgary Canter



1 NitrousOxide

Thereadtsaof theevironmand samplesadlleded for NLO during thesurgicdl procedurescondudted inthe
Oupdient Sugary Cater aepresanted in Teble 1. Duing thetwo proosures conducted in OR 1 duingwhich
N,Owasused, TWA concantrationsranged from 3to 15 pom NLO, withameen of 75pgom. TWA
conoantraionsof N, O intwo parsond samplesodllected on recovary room nurses attending to the petients
fallowing these procedureswere 10 and 50 pom. Oneof these samples exossded the NIOSH REL of 25 ppm for
N,O. No N,Owasussdin OR 2 during thesurvey paiod.

2 Haogerated Anesthetic Gasss

Tabe2 howsthereadtsd theevironmentd ssmplesadllected for helogerneted anesthetics usad during thesurgicl
proocsdures. Inthetwo surgical procedures monitored in OR 1, TWA conoantraions of foranewerefound torange
frombdow thelimit of detection of 0.01 milligram (mg)/sampleto 1.68 pom, withameen of 1.22 pom. Inthetwo
proosdures monitored in OR2, faranewas detedted in only onedf Sx samplesat aTWA conoatraion of 039 pom.
Of threesamples adllected on recovery room personnd, faranewes detedted in only onesamplea aTWA
concanraionof 1.17 pom. Thissamplefrom therecoveary room, aswl asdl Sx samplesadledted in OR,
exaeeded the NIOSH REL 05 ppm for helogeneted anesthetic aganiswhen used in combingtionwith NLO. Btrrane
and hdathereweare nat found abovethelimit of quentitation of 0.08 my/sampleinany of thessmples cdlledted.

3 Lek Teding

Riar tothesurgicd procedures bath ORswere checked far NLO leskegefrom thehigh pressre ges apaly lines
Leskeged goproximatdy 200 ppm NLO weasfound  the paint of the.oalling comnedionin OR 1, and leskegein
exoessaf 250 pom (full scdeddfledion) wesfound a thepaint of thewdl comnedionsinbath ORs1and 2
Fdlowing the proosolres maintenence amployess plaoad teflon tape on thefitting thresds and tightened them.
Subssquant tesing did nat reved detedtale concantrationsaf NLO.

Low pressrelesk tesing wes dso condudted during asurgicd procedurebaing paformedinOR L
Concantrations of NLO ranged from nontoetedable to 7 pom at locationsthroughout the bresthing arouit and
avagng comnadions

4, Gangd Vatildion

Thereadtsof thegangd vantilaion messremantswhichweretskenin the Outpeient Surgary Cater wareas
fdlons 10ar dangesper hour (ACH) inOR 1, 12 ACHinOR 2, and 7 ACH inthe Recovaery Room. While
thereareno NIOH aitaiafar generd veantilation, the Departmant of Hedlth and Humen Savicss " Guiddinesfor
Condrudion and Equipment of Hosaitdl and Medicd Fadllities” currently recommendsaminimum of 20totd ACH
for gparating rooms and 6 ACH for Recovary Rooms?

B. Man Opaaing Rooms

1 NitrousOxide



Thereadtsaof theevironmantd samplesadledted for NLO duning thesurgicdl procedures condudied inthemain ORs
aepreatedin Tades3and4. Cumulaive TWA conoantrationsof NLO intwenty sarpdesodledted in sx differart
oparaing roomsranged from bdow thelimit of detedion of 1 pomto 32 pom, withameen of 6 pom. Only anedf
thesesamples (32 ppmin OR 6) excesded the NIOSH REL of 25 ppmfor N,O. TWA conoatraionsaf N,Oin
three parsond samples aallected on recovery room parsonnd ranged from 1. to 23 gom, withameen of 13 ppm.
Additiond samples adllected far an operating room attendant and asupply room tedhnidan werebath bdow thelimit
of detedtion.

2 Haogeneted Anesthetic Gasss
Tabes5and 6 ow therestsof theenvironmenta samples odlledted for the helogenated anesthetics used during the
augdd procedures OF 17 samples adlledad inaght differat OR's faraneweas deteded inaght samplesa TWA
conograionsranging from 0.15 10 0.78 pam, withameen of 029 pom. Only onesample (078 pomin OR 4)
exosed the NIOSH REL 05 pom for helogeneted anesthetic egantswhen used incombingtionwith NLO. In
addtion, no faranewes detected in samples adllected for the Sply room tednidan and OR attendant. Bthraneand
helathenewere nat found abovethelimit of quentitation of 003 my/sampleinany of thesamplesadlledted

3 Methyi Methaoyiate

Theresitsof theemronmeantd samplesadledted for mathyl matheaylagearepresntedin Table 7. A TWA of 012
pemwasfound inthe persond sample adlledted for the sorub nurse and aTWA of 017 ppomwesfoundinthearea
sarpeadletedingdetreendoauretat wharethe procedurewastking dece: Bath of theseconcantrationsare
below the OSHA PEL. and ACGIH TLV of 100 ppmasan 8hour TWA.

4, L ek Testing

Duetothelarge number of parsond samplesbaing odlledted and andlyzed, only alimited amount of lesk teding wes
conductedinthreman ORs INOR 4, lesk teding of high pressurecomnedtionsrevedled 100 pom N O a theges
pply comnedtion. During leek testing on theaneshetic cart, aconoaniraion in excess of 250 ppm wias detected
dredly abovethescavenger bypessvdve Inlesk tesing pafamed in OR 3, NO concantrationsin excessof 250
pemwerefound at the paint whereahose atached to the ventilator and et the exheudt port of an unscavenged CO,
monitar. A concantration of 50 pom NLO was detected diredtly abovethe papolf vave

5.Gagd Vatildion

Aspreviody dsoussd, dueto thelocation of the upply veantsinthemain ORS acourde messramaniso thear
9y to these ORs could nat be medewith the avallableequipmeant.

C.GxS4iliza Area

Theresitsof thear samplesadledted for ehyleneaxide during the oparation of the ges Seilizer are presanted in
Tade8. Of thetwo parsord sampleswhichwere adlledted far a145-minute period during the oparaion of theges
dailizer, onesamplewasbdow thelimit of quentitetion of 06 micrograms whilethe ssoond samplehowved aTWA
concantration of 003 pom. Assuming no additiond expoaLreto BO during thewark-ghift, the 8- hour TWA



VII.

expoarefor thisemployeewould be 0009 pom. Thiswould bebdow the NIOSH REL of 0.1 ppmasan8haur
TWA, adthe OSHA PEL and ACGIH TLV of 1 ppmasan 8hour TWA. A conoatraionof 04 pomwes
foundinaghatteam parsord sample adleded whilean eardoyeewesunlceding thegesdailizar. This
conoatrationisbdow theNIOSH REL. of 5ppmasal0minutecaling. Inadditiontothe persond samples two
aeasmpleswareadletad to ssessthe HHO concantrationsin theimmediate vianity of thedailizer. A savple
odllected abovethe geilizer draninthe accessroom shoved aTWA conoantration of 1.6 ppm, whileno EOwes
Odedted inasample collected diredtly abovethe Seilizer door.

DISCUSSON AND CONCL USONS

A. Wade Anesthdlic Gasesand Vapors

Asevidanoad by theresLitsof theenvironmenta survey, conoantrations of weste anesthetic gesesand vaparswere
geadly mantaned withinthe NIOSH recommanded expoarelimitsinthemganty of the procedures monitared.
Theonly consdeant exogation was OR 1inthe Ouipetient Surgary Canter where concantraions of farane exossoied
theNIOSH REL inbath of the proosdresmonitared. THiSOR dsowasnoted to have gaproximetdy hdlf of the
recommended numbe of ar dengespa hour for itsgenerd ventilation sygem. Whileitispossblethat theladk of
oeed vanilaion mey have payed animpartart rdein dlowing the builldup of weste aneshetic vapars ather fadtars
uch asleskage from aneshelic cat fittingsand components and work pradtices mey dso have contributed to the
eqoares Sncetheexad megnitudewhich theseand ather factorsmay haveinfluenced employes expoarescan
not beacouratdy detlemined, itisnecessary thet dl arees of expoaurecontrd beregularly examined toidentify where
improvematscanbemede A brief dsoussonof somed thekey aressneoessary for contrdlling employee
expoaresispresantad bdow.

1 Equipment Mantenence

Of pimery impartancein meintaining wede anesthetic conoantrations within acogateblelevdsistheregular
manenencedf anesheicequipmat inader to prevart leskage Recant ddaindicatesthet lesksfromthehighad
low pressreanesthdic ddivary sysem resLiting fram poor maintenence of theanesthetic unitisaprimery source of
amployecepoaresinthe OR % Background N,O levdsdf 5 pom and grester gengrelly have bean assodiated with
leeksinthehigh presreges ddivary sygem, whichindudestheNLO supply lines thecomnedionsat and bewean the
adiling and anesthesamaching, and the comnectar-contrdl vavefromtheflovmeter® During anesthetic
admindration, low pressurelesks ooouning bewean theflovmeiersand bresthing hoses (induding theflovmee,
Vaparize, resavair beg, popoff vave endatrachid tube, autometic ventilator, and CO, aosarba) canbeadgnificant
ourcedf expoaure

Duing thisaurvey, leskagefrom high pressure N, O hose comnedtions was found in bath the Outpetient Surgay
Canter and mainhogaitd ORs Immediate Sgosweretteken by the hosaitdl maintenence 3t to correct thelegks by
gplying ateflon tgpeto the comnedtion threeds and retightening the comnedtars: Subssquent teting Shonved thet the
leskage wasdimingted by these coredtive adions



2 Savagng

Savagng sydamsconsd of aadleding device meansof digposd, and pressurebdlanding deviceif necessary.
Degpanding onthe paticuar typed anesthelic equipment in use, Scavanging adgptars should belocated &t the popaff
vavefar thedrdeaosorber, nonHaregthing vave, T-tube and vartilator. Inaddition, assnated inthesurvey,
Savanging mey do benecessaty at locations uch astheexit part of the CO, meter, whichweasdso showntobea
ourced weseanethdic gesssinthe OR. Aswith dl Scavenging sydans it isimportant to ensure praper pressure
belandng so thet the ges systam does nat intarferewith the proper operation of theanedhetic ddivary sysem

3. Gagd Vatilaion

Whilelocd exhagt vertilation (such ssscavenging) isthe prfared means of dimineting wedte gessesat thar paint of
gaadion, ganad room vantilaion dso playsanimpartant rdein mantaining acogptieblewedte geslevdsinthe OR.
Ressonsfor mainianing good generd ventilaion exdnangeraesindudethergpid ramovd of weste gessesgenerated
asareat of anethesaindudion, poary fitting face mesks impropaty inflated endotradhid tubes or low or high
pressreleskswhich mey oocasordly develgpinthesydem. Duing thesunvey, thehighest conoantraions of farene
waefound inan ORwhich hed only onehf of therecommended numbe of ar dhengesper hour. Whileinoressing
thenumber of ar dhengeswould nat dimingethe source of the anesthetic geses it would leed to themare effedtive

removd of theweste gesssand vigpors thereby reduding the megnitude of employesexpoaures

Duing thesurvey, the highest conoentration of nitrous axidewasfound in aparsond samde cdlleded for arecovary
roomnue Thisilludratesthe nesd for good genard veartildioninthesearess: Sncescavanging sydamsarenct
presat inrecovary rooms genad ventilaionissaldy rdied onto ramovethewedte gesssexqred by thepetiet. Asa
minmum, OR'sshould besupplied with a leet 20tatd ar dhengespar hour, and recovary roomswith & leegt 6ar
dhangesper hour

4, Wok Pradticss

Ropa wok pradicssaredsn akey demeant in contraling wade anesthetic gesexpoaures Onedudy edimeted thet
A 10 99 paroant of dl wede gas expoaLrein OR'sequipped with propaty desgned scavenging componanisimay be
theresLit of poor work pradices of theanesheit® Improper work pradicesindudethe useof poory fitting faoe
mesks inaffidat inflation of endatrachid tubes and saillagedf vdaileanesthetic agartswhilefilling vepaizars
Degaite condant attention to good anesthetic tedhniques it isnat dwayspossblefor theanethesdogd to beavare of
posshleleskegefromthesesources Theardfarg it isimpartant thet the generd vearntilation be adeguete to removearny
wadeanedhdicsthet might reaut fromthissource

Ingenerd, theanesthesdog ssgopeared vary avare df the hezards of wadie anesthelic gessesand vigpars and took
goproprideadionsto conird them. During the survey, oneanesthesidogi s expressed aconoan over thedifficulty in
filling acatantypedf vgpariza with the heloganated anestheticagants Dueto thedesign of theanesthdic contane,
filling the veponizer without someqalllagewes difficut. Inader tominmizeequoaresinstugionsauch asthis
vaparizasshoud befilled ather priar to ar fdloning the scheduled prooadres when theroomisnat oooupied.
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5 BpoareMaonitaing

Inorder to ddemirethedfedivaness of theoverdl exqpoaure contrd programwithinthehosaitd, it isnecessary to
paiodcaly monitor anployeeexposresaswel asmonitor equipmant for leskege: Thiscould beessly
aooomplished sncethe hogaitd hed avallabdleadiredt reeding infrared goecdtrophatometer smillar totheoneused by the
NIOH invedtigatars 1t washowever noted, thet athough thisingrument hed undergonerecant cdlibration, it wasnat
fundioning propaly. Subssouent investigation indicated thet ademeged filter wesreoonslefar themelfundion. It
wasrecommendad & thetimeof thesurnvey thet thehogaitdl datain acdlibration logp to permit them to acouratdy
dhek thecdibration of theindrumeant, therdoy vickting the monitaring dtawhich they might adlet. Sedlingand
andyticd prooeores, uch asthose provided in NIOSH method 6600, should be referenced for further guidance!

B. Methyl Metheoyidte

Asevidenoed by theresLitsof theenvironmentd samples the conoantrations of methyl methearylatefromthesurgicd
adhesvewaewdl bdow theevdudtionaitaia Inade to minimize posshbleimtant efedsfrom brief eqposre
paiodsauring achesvemixing and goglication, auffident amountsof generd ventilation shoud besupplied tothewark
aea

C. BhyleneOxice

Thereadtsd theevironmentd ssmplesadllected duning the gperation of the ges eilizer Sowved thet ehyleneaxide
levdswerekent bdow the curant evaugtion aitaia However, SnoeeNIOSH conddarsethyleneoxideto be
patentialy caranogenic, continued effartsshauld betaken to ensurethat expoaures arereduced to thelowest feedhle
levd. Paiadictesting of thelocd exhaust ventilation should be conducted to esurethet it continuesto fundion
efedtivdy. Raiodicemronmenta monitaring should dso becondudied to hdp eaurethet Seilizer equipmeant does
nat lesk or matfundion. Manufaduresrecommendaions for wark proceduresand ecuipment maintenenceshoud be
dosdy fdlomed

RECOMMENDATIONS

Theprevioussadion of thereport touched ananumber of aresswhareimprovemantscoud bemederdaed tothe
contrd of anethetic gesssinthe OR's: Mare ddialled recommendations regarding spedific contrdl procedures work
practices and monitaring proocedures areinduded in the NIOSH ariteiafor arecommended
dandard....oooupdtiond expodureto waste anesthetic gasssand vapars® Inorder to effedtively contrdl employee
expoaresinthe goaraing room, acomprenansve programwhich addresses dl of thesearessisnecessry. Dueto
thelength o theserecommenditionsthey arenat repested inthissadion. Inlieu of this coplesof thisdocument have
been provided ssparatdy to the hogaitd. Adharenceto therecommencitions gpadified in thisdocument shoud hdp
to maintain exposreswithin acogptblelevdsand pratedt the hedth of theemployessinthisarea

Thehogaitd shaud dso continueinitseffartsto reducedhylene axideexpoareto thelones posshleleve.
Adhgrenceto theguiddines containad in the NIOSH Spedid Oocupdtionel Hazard Review with Contrdl
Recommenddions Usedf Bhylene Oxidessa Sailant in Medicd Fedliies theNIOSH Qurarnt Intdligence Bulletin
35 BEhvieneOxide and the providonsdf the OSHA gandard for ehylene axide, should help to enarethet employee




expoaresaemanizned & sfelevds?®?Z Paticuar atention should begiven to continued paiodic expoaure
monitaring and lesk detedtion to ensure the efediveness of exiding enginesring contrds: Additiorelly, the source of
dhyleneaxideeqpoarein themednanicd aocessroom (presumetlethedrain ares) Soud beidentified. Although
persond would nat nonrelly bepresartinthis

aeaduing dailizer and agrator gparation, it would il beadvisshleto contrd the O emissansat thispaint of
genardioninorder to prevent migraion of thegesinto adjeoat work arees
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Tddel
Bresthing Zoneand Ganad Room Air Conoairationsof NitrousOxide
SantaBabera Cattege Hooitd, SontaBarberg, Cdifomia

Outpdtient Surgary Center
May 19, 1987

SAMPLE LOCATION SAMPLE SAMPLING TWA CONCENTRATION
TYPE (ORNo) DESCRIPTION PERIOD NITROUSOXIDE (PPV)
Parsond 1 Ansthesdogd 0740-0910 5
Persord 1 Aneshesdogd 0910- 1000 8

Cumuaive TWA for Froodure 6
Parsond 1 Giraulaing Nuree 0740- 0909 4
Parsond 1 CirouaingNuse 0909- 045 6

Cumuaive TWA for Froodure 5
Parsond 1 SoubNuse 0740- 0909 3
Pesord 1 ScrubNuse 0909 - 0945 3

Cumuaive TWA for Froodure

w

Pasord 1 Anethesdogd 1216- 1319 8
Pasord 1 Girouding Nuse 1240- 1320 8
Pasord 1 SoubNurse 1216- 1319
Pasord RR Recovay RoomNurse 0947-1049
Pasord RR Recovay RoomNurse 1320- 1402 10

Evdugtion Qritgia - NIOSH REL: 25 pom during thepariod of edminigraion.



Tdde2
Bregthing Zoneand Ganad Room Air Concantrationsof Forane

SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

Ouipetiet Surgary Ainic
May 19, 1987

SAMPLE LOCATION SAMPLE SAMPLING
TYPE (ORNo) DESCRIPTION PERIOD
Area 1 Aneghetic Cat 07:33-10:10
Parsord 1 CiradaingNue 07:40- 09:45
Persord 1 SoubNurse 07:45- 09:45
Area 1 Anedhdiic Cat 12:16- 1316
Parsond 1 CirouaingNue 1240- 1316
Parsord 1 SoubNurse 12:16- 1316
Area 2 Aneghetic Cat 07:30-02:06
Persond 2 CradaingNuse 07:49-0853
Persord 2 SoubNurse 07:52- 0202
Area 2 Anesthetic Cat 09:06-10:37
Persord 2 CGradaingNuse 0902-10:14
Parsord 2 SoubNurse 09:03-10:31
Persord RR Reoovaey RoomNurse 09:47-1049
Persond RR Reoovey RoomNurse 10:09- 10:50
Parsond RR Reocovary RoomNurse 1320- 14:02
BEvdudion Qritaria:

NIOSH REL - Hdogereted Anesthetics 2.0 ppomwhen used by themsdves

05 pomwhen ussd with NLO.
* Indicatesthet N,Owasin useduing theprocedure

Abbrevigionsand Key.

<LOD - Lessthenthelimit of detection of 0.01 mgftubefor forane

<LOQ- Sarpewsasabovethelimit of detedtion, but lessthenthelimit of
quentification of 003 my/samplefor farang, etvang and hdathene

No quertifisblelevdsdof hdatheneor étvenewearefoudinthesesampdes

TWA CONCENTRATION
FORANE (PPM)

136*
0.69*
168
116*
134
110*
<LOD
039
<LOD
<LOD
<LOD
<LOD
117+
<LOD*
<LOD



SAMALE
TYPE

Area

Tahe3
Bresthing Zoneand Ganad Room Air Conoairationsof NitrousOxide
SantaBabera Cattege Hooitd, SontaBarberg, Cdifomia

Srgay Depatmett
May 20, 1987

LOCATION SAMPLE SAMPLING TWA CONCENTRATION

(ORNo) DESCRIPTION PERIOD NITROUSOXIDE (PPM)

1 CirouaingNuse 0842- 1006 1

3 SoubNurse 0840- 1003 <LOD

3 SorubNurse 1250- 1430 3

3 Sorub Nurse#2 1305- 1430 5

4 CirouaingNuse 0822-0950 0

4 CradaingNuse 0950- 1056 4

4 CirouaingNue 1056- 1145 6
Cumulaive TWA far Procedure 24

4 SorubNurse 0837-1010 8

4 SoubNurse 1010- 1106 4

4 SorubNurse 1106- 1204 <LOD

4 SoubNurse 1204- 1347 2
Cumuaive TWA for Prooedure 4

4 Anedhdiic Cat 1218- 1345 7

5 SorubNurse 0814 - 0955 <LOD

5 SoubNurse 0955- 1128 2

5 SorubNurse 1152-1324 <LOD
Cumuldive TWA for Procedure 2

5 Scrub Nurse#2 0815- 0941 <LOD

5 Sorub Nurse#2 0941 - 1055 3

5 Scrub Nurse#2 1055- 1217 4

5 Sorub Nurse#2 1217- 1312 3
Cumulaive TWA for Prooedure 3

5 CradaingNuse 0318- 1100 3

5 CirouaingNuse 1100- 1313 <LOD
Cumuldive TWA for Procedure 2

5 Anedhdiic Cat 1155-1328 <LOD

Bvdudtion Qritaia - NIOSH REL: 25 ppmasa TWA for thepaiod of

admiristration (proceclre).

<LOD - Lessthenthelinit of detention esimeted a 1 part per million (pam)



Tadle3 (continued)
Bresthing Zoneand Ganad Room Air Conoanirationsof Nitrous Oxide
SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

May 20, 1987
SAMPLE LOCATION SAMPLE SAMPLING TWA CONCENTRATION
TYFE (ORNo) DESCRIPTION PERIOD NITROUS OXIDE (PPM)
Parsord 6 Anethesdoggt 0838-0958 21
Persord 6 Ansshesdogd 0958- 1200 53
Parsord 6 Anethesdoggt 1200- 1305 5
Cumuaive TWA for Prooedure 32
Persord 6 CirouaingNue 0821 - 0945 7
Parsord 6 CiradaingNue 0M5- 1121 8
Parsond 6 CirouaingNue 1121 - 1225 5
Parsord 6 CiradaingNue 1225- 1345 7
Cumuaive TWA for Prooedure 7
Persord 6 SrubNurse 0832- 1017 7
Parsord 6 SoubNurse 1017- 1120 6
Persord 6 SrubNurse 1120- 1146 5
Cumuldive TWA for Procedure 6
Parsord 7 SoubNurse 0844 - 1000 1
Parsond 7 SrubNurse 1000- 1119 <LOD
Cumuldive TWA for Procedure 1
Parsord 7 CiradaingNue 0835- 0959 0
Parsond 7 CirouaingNuse 0959- 1206 <LOD
Cumuldive TWA for Procedure 13
Persond RR Reoovey RoomNuse  1107- 1223 21
Parsond RR Recovay RoomNuse  1223- 1350 24
Cumuldive TWA for Procedure 23
Persond RR Reoovey RoomNuse  1123- 1223 14
Parsond RR Recovay RoomNuse  1223- 1350 15
Cumuldive TWA for Procedure 15
Persond RR Reoovey RoomNuse  1402- 1420 1

Bvdustion Qritaia - NIOSH REL: 25 ppmasa TWA for thepaiod of
adminidration (Frocedure).
<LOD - Lessthenthelimit of deteion esimeted & 1 part per million (ppm)



SAMALE LOCATION SAMALE

TYPE (ORNo)
Pesord 3
Parsord 3
Pesord 3
Parsord 3
Area 3
Area 3
Area 4
Area 4
Pesord Al
Parsord Al
Paord Ind. Room
Paord Ind. Room

Tdhe4d

Bresthing Zoneand Ganad Room Air Conoanirationsof Nitrous Oxide

SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

urgay Degpatmat
May 21, 1987
SAMPLING
DESCRIPTION PERIOD
CirouaingNuse 0726- 0347
CradaingNuse 0347 - 1007
Cumuaive TWA for Prooedure
SrubNurse 0739-0858
SoubNurse 0358- 1012

Cumudive TWA for Rroosdure

Aneshdlic Cat 0735-0900
Anethdic Cat 0900-1010
Cumudive TWA for Rroosdure

Aneshdlic Cat 0753- 0905
Anethdic Cat 0905-1011
Cumudive TWA for Rroosdure

OR Attendat 0835-0923
OR Attendart 0923-1043
Cumudive TWA for Rroosdure

Indrumat Tech 0715-0845
Indrumat Tech 0909-1015
Cumudive TWA for Rroosdure

Bvdudtion Qritaia - NIOSH REL: 25 ppmasa TWA for thepaiod of
adminidration (Frocedure).

<LOD - Lessthenthelinit of detention esimeted at 1 part per million (pam)

TWA CONCENTRATION
NITROUSOXIDE (PEM)

<LOD
<LOD
<LOD

<LOD
<LOD
<LOD

<LOD
<LOD
<LOD

8
5
-

<LOD
<LOD
<LOD

<LOD
<LOD
<LOD



Tahe5
Bregthing Zoneand Ganad Room Air Concantrationsof Forane
SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

urgay Degpatmat
May 20, 1987

SAMPLE LOCATION SAMPALE SAMPLING TWA CONCENTRATION
TYFE (ORNo) DESCRIPTION PERIOD FORANE (PPM)
Persord 1 GiraaingNuse 12:45- 1355 <LOD
Parsord 2 SoubNurse 0820-1230 022
Persord 2 SoubNurse 0820-15:28 025
Parsord 2 SoubNurse 13.10- 1528 0.39
Persord 3 SoubNurse 1250-14:30 <LOD*
Parsord 4 CiradaingNue 0822- 1056 0.78
Persord 5 SoubNurse 0814-11:28 <LOD*
Parsord 5 SoubNurse 0815-1312 <LOD*
Persord 5 CirouaingNue 08.18-11:47 <LOD*
Parsord 6 CiradaingNue 0821-14:10 0.15
Persord 6 SoubNurse 0832-11:46 <LOD*
Persond 7 CradaingNuse 08.06-1213 <LOD*
Parsord 8 SoubNurse 0822-11:00 <LOD
Persond 8 CradaingNuse 0825-1520 <LOD



Taeb
Bregthing Zoneand Ganad Room Air Concantrationsof Forane
SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

urgay Degpatmat
May 21, 1987
SAMPLE LOCATION SAMPLE SAMPLING TWA CONCENTRATION
TYPE (ORNo) DESCRIPTION PERIOD FORANE (PPM)
Persord 8 SoubNurse 07:25-10:20 0.16
Parsord 8 Anesthetic Cat 07:35-11:00 024
Persord 8 SoubNurse 07:20-10:20 015
Persond Ind. Room Indrument Tech 07:15-10:15 <LOD
Persord AllORs OR Attendant 07:09-1043 <LOD
BEvdudion Qritaria:
NIOSH REL - Hdogereted Anesthetics 2.0 pomwhen used by themsdves
05 pomwhen ussd with NLO.

* Indicatesthet N,Owasin useduing theprocedure

Abbrevigionsand Key.

<LOD - Lessthenthelimit of detedtion of 001 mgftubefor forane

<LOQ- Sarpewsasabovethelimit of detedtion, but lessthenthelimit of
quentification of 003 my/samplefor farang, etvang and hdlathene

Noquertifisblelevdsdf hdathene or etvenewearefoudinthesesampdes




Tdde7
Bresthing Zoneand Ganard Room Air Conoantrationsof Methyl Methearviate
SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

urgay Degpatmat
May 21, 1987
SAMPLE SAMPLE MINUTES LITERS TWA CONCENTRATION*
TYPE DESCRIPTION SAMPLED SAMPLED METHYL METHACRYLATE (PFM)
Pesord SoubNurse 187 B4 012
Area OnLight Suppart 182 376 017

Nextto OR Teble

Bvdudion Qitaia - Methyl Matearylae
OSHA PEL: 100 ppm 8hr TWA
ACGIHTLV: 100pom&tr TWA



Tae8
Bresthing Zoneand Ganad AreaAir Conoarationsof Ethvlene Oxide
SantaBarbera Cattage Hogoitd, SantaBarberg, Cdifomia

Cantrd Supdly Depatmat
May 20, 1987

SAMPLE SAMPLE MINUTES LITERS TWA CONCENTRATION*
TYPE DESCRIPTION SAMALED SAMALED ETHYLENE OXIDE (PPM)
Parsond Sy Tedmidan#1 145 151 <LOQ
Parsond Sy Tedmidan#2 145 149 003
Parsond Sy Tednidan#2 9 21 040**

Unloeding Seilize
Area AboveSsilizer 144 154 <LOQ
Area Above Ssilizer Dran 148 146 164

inAccessRoom

Evduetion Qiitgia - Ethylene Oxide

NIOH REL: Lonvest FeesbleLevd (0.1 pom 8ty TWA, 5pam 10minagling)
OHA PEL: 1pom8hr TWA, AdionLevd of 05pom 8tr TWA
ACGIHTLV: 1ppm8tr TWA

*All resdtsareshown as TWA'sfor theduration of sample calledtion. Snoeno additiondl exposurewould beexpacted to coour, thedghi-hour
TWA'swould besgrficatly lowe.
**Thissampleshoud becompared to aaling aitaia

<LOQ- Lessthenthelimit of quentitaion. A traceamount was detedted, but
itweslessthenthelimit of quentitaion of of 06 miaograrsper
sape



